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Introduction
planetary missions conducted under the new NASA

“Faster, Better, Cheaper” guidelines. Ironically, mission environmental rcquircmcnts  make the
M(3S solar array one of the most challenging designs built for NASA. in particular, the solar array
will be used to acrobrake  the spacccrafi  in the upper regions of the Martian atmosphere. This will
be done in order to lower and circularize the initially high elliptical insertion orbit, as a method to
reduce spacecraft mass (propulsion). The array sim is constrained by mass and area,
Consequently, even though a mission to Mars is normally typified by cold tcmpcrat urcs,
aerobraking  imposed a high temperature rcquircmcnt  of nearly 180 C. Furthermore, since the
acrobraking  occurs at the mission beginning, it is subsequently necessary to survive up to 20,000
lower tcmpcraturc thermal cycles.

Approach
I’hc MGS array has been designed to survive not only the initial high tcmpcrat  ures but also all
expcctcd  mission thermal cycles. A combination of welding, high temperature solder, and
mcchanica]  attachments arc utilized. l’hc selection and evaluation of these processes were driven
by the limited development time (weeks) and the limited flmding. Due to t}m constraints, only
previously qualified processes and materials were uscable,  although in some cases these had not
been used on solar arrays. llxisting  processes were modified, where possible, to meet the tight
program schedule.

‘1’ethnical I lighlights
At the contract start the acrobraking  environment was not defined. As a result, the MGS array
assembly process basclincd welding for cell intcrc.onncctions  and for cell to end tab terminations.
3’IIc standard solder process was to be utilized for any cell rcplaccments,  termination tab to wire
connections, wire to terminal board connections, diode wiring (bypass and blocking), and terminal
board to wiring harness colmcctors.  Glculations  performed by 1,ockhccd-Martit~  soon indicated
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that acrobraking temperatures, and in particular, acrobrakc qualification test temperatures would
cxcccd  the safe operating tcmpcraturcs ofthc standard solder material. A team, consisting of
lncmbcrs from JP1,, 1.ockhced-Mar[in  and Spcctmlab,  was asscmhlcd  to develop an alternative
solder method that would satisfy the MGS rcquircmcnts.  IIue to the limited time and flmding
available, it was clear that a very limited development cfFort could be carried out. Clearly, there
was insufficient lime to flight qua]if)’  any process so that heritage or s]ight  modification of
cxistinr, proccsscs was all that could bc reasonably expected. l;ollo~ving a review ofrmmcrous
solder candidates, four high tcmperat urc solders were selected based on melting points and
suit ability for solar CCII assembly, ‘] ’hrec were’) ‘in/silver solder with the fourth candidate a tin lead
material with 20/0 silver. ‘1’hcsc materials had minimum melt temperatures of221 C. Samples of
WV+ array solder joint were made using each of the solders. ‘1’ip  temperatures were varied, and
case of flow and solder  filet condition were noted. It was noted that the most difl’kult  joint to
produce was the terminal to terminal board assembly. It was ditTc.ult to flow the solder since the
board provided an cfflcicnt heat sink, ‘1’hc flow was improved by either switching 10 larger solder
lips or preheating the terminal board. All solder candidates produced adequate joints which met
[Ilc criteria ofN11[15300.4. l’his was important since it meant that the existing inspection criteria
could be retained. ‘I$hc best visual joints were achieved wit}] 95 SIL/5 Ag and the material was
easiest to flow. “1’he absence of lead was fch to pmvidc  advantages in long life fatigue resistance.

llascd on these results, a dcve]opmcnt  coupon was assembled in which all possible solder joints
were included in a flight representative configuration. In addition, some additional materials were
included w}wre manufacturers data indicated that the materials should not survive 200 C. These
included GFN copper clad fiberglass terminal board, 56C Catalyst 9 silver-loaded electrically
conductive epoxy, 56C Catalyst 11, and P224 acrylic adhesive Kapton tape. The coupon
consisted oft wo strings of seven cells in series. l’hcsc included welded and repair process solder
bonds. A terminal board assembly was fabricated and bypass diodes were attached to each string.
95/5 solder was used for all bonds. ‘1’hc coupon material was representative of the MGS substrate.
The coupon was then subjected to thermal shock and thdrtnal  cycling tests in a GNz atmosp}~crc.
‘1’hc thermal shock consisted of 8 cycles, -10 C to 200 C, and the thermal cycle consisted of 300
cycles, -145 C to 148 C. A comprehensive electrical and visual inspection was performed before
and aflcr testing. 1 Hcctrical  degradation was within the normal experimental error indicating that
the assembly processes could survive the high tcmpcraturcs.  Sornc visual anomalies were noted.
Subsequent examination revealed that one sokicr  joint had been improperly wet initially and two
others had evidence of handling damage. Of great cr concern was the appearance of cracks in
some ofthc solder fillets. A potential cause ofthc cracks was possible contamination from lead
during iron tip tinning. J.ead contamination can lead to lower melting temperature and reduced
joint mechanical strengt}~.  It was felt that the use of a dedicated high temperature solder assembly
area with new tooling would prevent contamination during flight assembly.

At this time, additional review ofthc solder properties indicated that although the solder was kept
below the melting point, its mechanical strength, even for non contaminated bonds, was low at
tcmpcraturcs above approximately 130 C. l)UC to this, a decision was made to reduce any
mechanical stresses at the assembly joints. 1 n par(icu]ar, welded loops were formed on the end
tabs to mechanically hold the soldered wires (see figure 1). Similarly all diode attachments
included hooking the lead wires together prior to soldering and s]ccving with shrink tubing. in this
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manner mechanical loads at the bond would be removed from the solder itself during t hc high
tcmpcrat ure acrobraking.  IJor subsequent mission thermal cycles t hc maximum solder
tcmpcraturcs would remain below 60 C and high solder strength would be available. I’hc
mm.]lanical  support wou]d provide for an addi(iona] safety factor during the worst corlditions. I’he
MGS solar arrays are presently cornpletinp,  flight acceptance tests and will be dclivcrcd to
1,ockhecd-Mar-tin  for spacccrafi integration]. ‘1’hc launch date will be in Dccembcr,  1996.
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Iiigurc 1. Welded Clamp ArranScn~cnt  for 1,cads (“J’WO Views)
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‘1’hc h4(iS mission is cmc ofthc  first major planetary missions conducted uncici  the ncw NASA
“faster, IIctlcr, Cheaper” guidelines. ltonically, mission cmilonmcntal  rcqoircmcnls make the N4GS
solal- array cmc of Ihc most challenging designs built for NASA, in par[icwlar, the solar array will bc Lid
to acmbrakc the spacmrali  in the  upper rcgicms  of the h4arliat~  atnmsphe.rc.  ‘1’his  will bc CIOIK  in CMdcr 10

lowu and circmlarim.  the initially high elliptical inscr[ion orbit, as a method to rmiocc  spacmraft mass
(pl opulsion),  ‘1’hc array sim is constraimxi by mass an(i area. (kmscqucntl  y, cvm tlmugh  a missim  tf3

Mars is nomali  y typifki  by cold tmllpcratmcs,  acmblaking  impostxi  a high tcmpcratum ]cqui] cmcnt of
ncaliy  180 (:, liurllmmorc,  sincx Ihc acrobraking occurs  al tllc mission bcginnillg,  it is subse.quntly
nccxxsa]-y  to survive up to 20,()(X)  Iowcr tempcratul  c the] mai cycles.

‘1’hc h4GS array has bum dcsignui to survive  not only the initial high tcmpcraturm but also all
cxpcztcxi  mission thermal cycles. A cm~bit]ation  of welding, high tcmpcraturc sol(icr, at](i mechanical
at[achmcnts  arc utilimi.  ‘1’he selection an(i evaluation of time processes were driven by the Iimittxi
(icvclopmcnt  time (weeks) an(i tlm limited flln(iing. I)uc to the constraints, only prcviomly ql]alifimi
prowsscs  and matwials WCN mcable, ailhough  in some cam these ha(i not km used on solar arrays,
1 kist ing prmmscs  were mociifid,  whcm possible, to meet the tight pm.zyam  schdLlic.


